Abstract. In this work it is used a setup for Digital Holography Microscopy (MHD) for 3D biologic samples reconstruction. The phase contrast image reconstruction is done by using the Double propagation Method. The system was calibrated and tested by using a micrometric scale and pure phase object respectively. It was simulated the human red blood cell (erythrocyte) and beginning from the simulated hologram the digital 3D phase image for erythrocytes it was calculated. Also there was obtained experimental holograms of human erythrocytes and its corresponding 3D phase images, being evident the correspondence qualitative and quantitative between these characteristics in the simulated erythrocyte and in the experimentally calculated by DHM in both cases.
Introduction
The observation of a cells becomes very difficult firstly for its size and then for its transparency, it is for that reason that it is needed technical of optic microscopy that allow to obtain this information in a quick way and with great precision.
The Digital Holographic Microscopy (DHM), as a new digital microscopy technique has demonstrated phase measurements with interferometric resolutions, i.e. lateral micrometer range and sub-wavelength axial resolutions, of transparent biological specimens without the use of any contrast agent [1] [2] [3] . Compared to classical phase contrast and Nowarsky's differential interference contrast widely used in biology for the visualization of unstained transparent specimens, interferometric techniques present the significant advantage of yielding quantitative measurements of the phase shift produced by the specimen. The measured phase shift depends on both the refractive index and the thickness of the specimen, two quantities linked to the nature of the intracellular content and to the morphometry of the specimen, respectively. Because DHM allows for truly non-invasive examination of biological specimen, marker-free, no scanning required and online simultaneously [4, 5] , the interest of digital holography techniques for biomedical applications increases [6, 7] .
Computer modeling and simulation have become increasingly important aspects of modern research, and the DHM technique is no exception [8] . The two main reasons for computer based modeling and analysis are the verification of experimental data by reconciliation with theory and to guide the process of experimental design. Although the verification aspects of the computer model are extremely useful, the simulations have taken on an even more important role in the essay of new reconstruction algorithms and methods of images analysis using the DHM. Using the DHM a method for 3D image reconstruction of transparent microscopic objects, based on the capture of only one off-axis hologram and the reconstruction field at different locations along the propagation direction, have been proven [9, 10] . Based on this possibility of the DHM, in this study it is demonstrated, through simulation techniques and experimental results, that DHM provides valuable information for the quantitative analysis of the 3D phase image reconstruction. Figure 1 shows the experimental setup used in this work, it correspond to a Digital Holographic Microscope designed for transmission imaging with transparent sample. The expanded beam from the laser is divided by the beam splitter (BS1) into reference and object arms. The microscope produces a magnified image of the object and the hologram plane is located between the microscope objective MO and the image plane (x'-y') at a distance d j from the recording hologram plane (ξ-η). In digital holographic microscopy we can consider the object wave emerging from the magnified image and not from the object itself [11] .
Experimental setup
The specimen M is illuminated by a plane wave and a microscope objective MO that produces a wave front called object wave O, collects the transmitted light. At the exit of the interferometer, the interference between the object wave O and the reference wave R creates the hologram intensity 
Reconstruction Method
Digital holography is based on the classic holographic principle, with the difference that the hologram recording is performed by a digital image sensor, e.g. a CCD or CMOS camera. The principle of recording holograms in holographic microscopy is shown in figure 2 . The MO produce a magnified image of the object, and the hologram plane 0ξ (the CCD plane) is located between the MO and the image plane (0x'), at a distance d' from the image. This situation can be considered to be equivalent to a holographic configuration without magnification optics with an object wave emerging directly from the magnified image and not from the object itself. For this reason the term image holography is sometime used to designate this procedure. Classical microscopy can be achieved with this arrangement by translation of the object or the hologram plane such that the image is focused on the CCD.
A detailed description of the algorithm used for hologram reconstruction and the general reconstruction procedure has been previously described in [12] . In a few words, the reconstruction procedure consists in a simulation of the re-illumination of the hologram by a digital reference wave and a numerical correction of the wave front modifications induced by the objective and by the offaxis geometry. Mathematically, hologram reconstruction is carrying out calculating the diffracted field in the image plane by means of the Rayleigh-Sommerfeld diffraction formula. In this study the DPM method is used and briefly gives a simple description. In Digital Holographic Microscopy the field produced by the objective lens can be reconstructed along its propagation [13] , figure 3a. The complex field f SFTF ψ is equivalent to the complex field distribution õ(u,v) on the back focal plane of the objective lens. From the Abbe's theory of image formation [16] , the field on the back focal plane is related with Fourier Transform of the objects.
Starting from the complex field described by Eq. (1) 
and the phase image φ(x',y',d'=d j ) by calculating the argument, For axial testing a pure phase object was used. It consists of a portion of a character engraved on a glass substrate. In figures 5a it is shows the hologram and in figure 5b and 5c are show the phase image and the pseudo 3D phase image respectively. A quantitative and qualitative evaluation in lateral and axial image shows the capacities of the system for the representation with good quality a 3D perspective of the studied object.
Lateral and Axial testing

Simulation technique
The simulated object is a normal human red blood cell. Taking as the object model the bibliography image [17] , figure 6a, we consider homogeneous refractive index (n ≈ 1.4), diameter d r = 7.7 μm, height variation from h ≈ 2.5 μm to h e ≈ 0.6 μm in the central part and inner in air (n = 1). Considering the form of the red blood cell transversal section, it can be represented by the Cassini oval, figure 6b. Starting from the expression of the Cassini oval:
the volumetric expression of the object is obtained from the equation, Figure 7a show the representation of the Eq. (6) and the transversal section in the y-z plane where can be observed the Cassini oval in figure 7b. 
Experimental Results
From one sample of human blood cell marker-free and the experimental setup showed in figure 1, were done measurements for obtaining the reconstructed phase image. The Microscopic system calibration was done using reconstructed phase image using objective of 50x/0.85. The corresponding hologram is showed in figure 9a and the figure 9b shows a section of a hologram of human blood sample, where can be seen the holograms characteristics interferences micro fringes of the image hologram. From figure 10c the thickness z agrees with the reported in specialized literature [17] .
Conclusions
In these work it was demonstrated the potentiality of DHM for microscopic objects image visualization like cells of biological interest, being simple its application and after system be adjusted and calibrated it don't require big experimental abilities. The technique of DHM it was implemented by simulated and experimental way, both results qualitatively are similar taking into consideration that the simulated system don't consider the erythrocyte resting upper the glass port object like in the experimental system. The method might be applied for others micro samples. 
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